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SUMMARY 

A low-speed wind-tunnel  investigation was made t o  determine  the 
static lateral cont ro l  characteristlcs of flap-type spoiler a i le rons  on a 
t h i n  delta wing  equipped  with a. double   s lot ted  f lap.  The model w a s  a 
f l a t  plate   with beveled leading and t r a i l i n g  edges, a maxfmum thickness 
r a t io   o f  0.045, 60' sweepback a t  the  leading edge, and an aspec t   r a t io  
of 2.31. -. 

The  resu l t s   o f   the   inves t iga t ion   ind ica ted  that a spoiler  located 
on the   f l ap  gave rolling-moment coeff ic ients  that .varied f a i r ly  linearly 
with  spoi ler   project ions and were about  the same magnitude f o r   e i t h e r  the 
f lap- re t rac ted   o r  the f lap-aef lected  condi t ion.   Spoi lers   located  just '  
ahead of the double   s lot ted  f lap were very power fd   bu t  had unsat isfactory 
var ia t ions of  rolling-moment coef f ic ien t  w i t h  spoi ler   project ion and 
spo i l e r  spans. " 

INTRODUCTION 

Considerable interest is being shown in   the   use  of delta wings f o r  
high-speed airplanes  because t u s  plan form shows some desirable aero- 
dynamic and s t ruc tura l   charac te r i s t ics .   Resul t s  o f .  previous investi- 
gat ions  ( refs .  1 and  2) i n d i c a t e  that, by employing  double s lo t t ed   f l aps  
on a 60' d e l t a  wing, the   angle   of   a t tack  necessary  to   obtain a given lift 
coeff ic ient  was considerably  reduced,  thereby making the use  of  double 
s lo t ted   f laps   des i rab le  f o r  the  landing  condition.  Reference 3 indicates  
that spoiler-type  controls employed on the d e l t a  w i n g  provided good la t -  
eral  control  for  the  unflapped-wing  configuration. With these  consider- . 
a t i o n s   i n  mind, an  investigation was made i n   t h e  Langley 300 MPH 7- by - 

10-foot  tunnel t o  determine  spoiler  configurations that would provide 
adequate lateral  cont ro l   for  the flapped  wing as w e l l  as the  unflapped 
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wing. The model used t o  determine the st-atic- lateral control  character-  
i s t tcs   in ' the   inves t . iga t ion  w a s  a Plat plate  with  beveled  leading and 
t r a i l i n g  edges, a maximumthiclcQess r a t i o  of 0.045, 600 sweepback a t  the  
leading edge, apd.ari aspec t   ra t io  of .2.3l. 

COEFFICIENTS m SYMBOLS 

The r e s u l t s  of the  tests are  presented  as.standard MACA coef f ic ien ts  
of forced and nioments about the s t a b i l i t y  axes. Pitching-moment coef f i -  
cients  are  given  about  the wing  25-percent  meanaerodynamic-chord  paint 
shown i n  f igure  1. The posi t ive  direct ions  of   forces ,  moments, and 
angles are shown i n  f igure   2 .  . 

The coef f ic ien ts  and symbols are defined as follows: 

cL 

cD 

cm 

'n 

b 

C 

c' 

S 

lift- coefficF&t, L i f t  of model 
qs . 

drag  coefficient,  Drag ofmodel  
qs - - 

pitching-moment " coeffic.iegt, . r e fe r r ed   t o  0.25 . .  E ,  . . ". 

Pitching moment 
qSc' 

rol l ingaoment   coeff ic ient ;  ' 

Rolling moment cawed by spoi ler   project ion 
q= 

yawing-moment coeff ic ient ,  . . . .  

%wing moment cawed by spoi ler   project ion 

qSb 

wing  span, 4.00 ft 

l o c a l  ~ i n g  chord, ft  

wing mean aerodynamic chord, 2.31: ft . , 
b 
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* t 

a 

9 

v 

P 

L' 

N 

M 

L 

D 

loca l  wing thickness, ft . 

lateral distance f r o m  plane  of symmetry, measured parallel 
t o  Y-axis, ft 

flap  def lect ion measured perpendicular  to  hinge line, deg 

vane deflection measured perpendiculsr .to hinge l ine  (along 
I flat lower surface of vane),  deg -. 

angle o? a t tack  of wing, deg 

free-stream dynamic pressure, 1 pV2, lb/sq .ft 
& .  

2 

free-stream  velocity,  -Ft/sec 

mass density of air, slugs/cu ft  

ro l l i ng  moment, f t - lb  

yawing moment, f t  -1b 

pitching moment, f t - l b  

l i f t ,  Ib  

drag, l b  

Subscripts : 

i . .  . inboard 

0 outboa'rd 
. I  

r root 

MODEL AND APPARATUS 

The  model was tested on the sfngle support strut i n  the.Langley 
300 MPH 7- by l0-foo-t .tunnel. The model was mounted i n  the  center of  
the  tunnel and was pivoted i n  p i t c h   a t   t h e  25-gerceSt mean-aerodynamic- 
chord point  projected on the  plane  of symmetry a8 shown in  figure 1. 
The strut was connected t o  a balance  system from which the  aerodynamic 
forces and moments were measured. A small fuselage w a s  used i q t h e  



investigation  to  cover  the  strut   support   l inkages and  does not neces- 
sa r i ly   represent  a typical   fuselage.  

The w i n g  o f  the mode& had..a .60u apex  angle,  an  aspect.  ratio o.f 2-31, 
and a taper  ra t io  of -cT .( f i g ;  1 and table I) : The model w a s  &de .from a- " 
flat-steel .pLate 5/8  inch  thick,  with  beveled.  leading and t ra i l ing   edges .  
The thickness-   ra t io  varied l i nea r ly  from 1.5 percent  chord a t  the   roo t  
t o  4.3 percent  chord a t  .0.673/2, and It remained constant at 4.5 percent 
cho.rd from  0.67b/2 to   t he   t i p . .  .. . .  

The double-slotted-flap  -configuration  used  for  this .&nvestigation - -  

( f i g .  3) is configuration= x:- of. ' reference 2 .. w.. f l a p  had a constant 
chord  of 5.49 inches, a span of  0.67b/2 and  an area equal t o  approximately 
17.6 percen t   oF the l to t a lwing  area. The f lap  consis ted  of  a brass 
leading  edge  (constructed  to  the  ordinates  given  in  table 11) attached 
t o  a steel  wedge. .T& .vane was constructed a f - s tee l  t o  the ordinates 
given  in table 111. . .  

The spoilers used in th is   inves t iga t ion ,  which were made of wood, 
were mounted on the le f t  .semispan  and .had a span equal tP the f l ap  span, 
except  the segmented spoilqr f o r  which the  s w n  was varied. The cross- 
sec t iona l  dimensions  and locations of  t h e  hinge- axes are shown in f ig -  . .  

ure 3 .  Another spiler configmation .investi.@;a_ted-was. *de py deflect ing 
t h e   s l o t   l i p   ( f i g , .  3 ) .  . .  . .  

" 
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TESTS 

The tests t r d e t e r m i n e ' t h e  lateral  control  characteristics were made 
in t h e  Langley 3 O O " P H  7- by  10-foot  tunnel a t  a dynamic pressure  of 
approxlmately 25 pounds per  square  foot,  corresponding t o  an  airspeed  of 
about 100 miles an  hour. Reynolds number for   th i s   a i r speed ,  based on 
the  mean aerodynamic  chord of t he  model (2.31 ft) , was approximately 
2.1 x 106. The corresponding Mach number was 0 .l3. The tests were run 
through  .an  .angle+f-attack range of  approximately -loo t o  32O. The 
spoi le rs  were 1ocated;:at three chprdwise  positions and varied i n  prodec-- 
t i o n  from 0.01~ t o   0 . 0 8 6 6 ~ .  ~n 0.0866 ..E spo i l e r  was varied  spanwise and 
t he  slot lip was also deflected as a spoiler..  . . 

.* 
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CORREcTIOIiS 

The jet-boundary  corrections  applied  to. the data  of  this  paper were 
obtained  by the method outlined in reference 4. Jet-boundary  corrections 
applied  are as follows: 

AZ = 0.638~~ 

m D  = o.oll(c,)2 

Corrections  for  tunnel  blockage and  buoysncy are negligible and  were 
therefore   not   appl ied  to   these  data .  

I 

Aerodynamic Characterist ics of the  Wing . 

The lift, drag, and  pitching-moment character is t ics   of   the   plain and 
flapped wings are   given  in   f igure 4. No discussion of these data is given 
since  they  are  discussed  in detail i n  reference 2.. 

The e f f ec t s  of  spoiler  projection on the  aerodynamic character is t fcs  
of  the  plain wing and the wing with  the  double   s lot ted  f lap  def lected are 
presented in f igures  5 t o  11. 

Chordwise spoi ler   locat ion had little e f fec t  on the  incremental loss 
in lift coeff ic ient  due to   spoi ler   project ion  for   the  f lap-retracted con- 
d i t i o n   ( f i g s .  5 and 6 and ref. ' .3)  but had l a rge   e f fec ts  when t he   f l ap  was 
deflected  ( f igs .  7 t o  11). when the   spo i l e r  was hinged at the forward 
position  (ahead of the f lap)   large  losses  i n  l i f t  occurred  with  spoiler 
projection, whereas w h e n  the  spoiler  wss'hfnged a t  the  intermediate and 
rearward  positions (on the f lap )  much lower loss in lift occurred. 
Deflecting  the slot l i p  up resul ted in large  losses  in lift coeff ic ient  
but a down deflect ion of the s l o t   l i p  had only slnall e f fec t  .on t he  l i f t  
coeff ic ient .  

The drag  data show that an increase in spoiler  pro3ect.ion  gives an 
increase in  drag coef f ic ien t   a t   cons tan t  lift coef f ic ien t   for  all configu- 
rations  tested  except  for  those w h e r e  the spa i l e r  was located on the  
def lected  f lap.  In this   case  the  spoi ler  had l i t t l e  effect on the drag 
coeff ic ient  below a lift coefficient  of 1.10: ' 

The pitching-moment data show that the  spoi lers  produced a posi t ive 
increment  of  pitching-moment .coefficient  but gave. no appreciable change 
in the  slopes of t h e  pitchfng-moment curves. 

. .  . - . .  . . .  ." - 
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h t e r a l  Control  Characterist ics -. 
The lateral -control   character is t ics .   of   the  60° delta wing a r e   p r e -  

sented  .as  the  .variation of  rolLing- and yawing-moment coef f ic ien ts  w i t h  
angle of a t t a c k  ( f ig s .  12 t o  18) , variation  of.   roll ing-moment  coefficient . 

w i t h  spoi le r   p ro jec t ion  (fig.  l g ) ,  and var ia t ion  of  rolling-moment coef- 
f i c i e n t  with iepoiler span ( f ig .  -20) . 

Fhps   r e t r ac t ed . -  The plah.wing  having a s p i l e r  hinge8 at the  
in te rmedia te '   pos i t ion   . ( f ig .   12) .  hEtd less   var ia t ion  0.f roll-ig-moment 
coefficient-i th  angle  of  at tack and also gave.larger  values of ro l l ing-  
moment coe f fk i en t   t han  when the spo i l e r  was hinged a t  the  forward  posi- 
t i o n   ( f i g .  13). This increased  effectiveness of the  more rearward 
spqi le rs  is- in good-agreement w i t h  . resu l t s .  o f  zeferepce 3.  The var ia t fon 
of.rolling-moment  coefficient  with  spoiler  projection i s  near ly   l inear  
(a t  a = Oo) for   spoi le rs   loca ted  a t  either of the  two chordwise s t a t i o n s  
( f i g .  19(a)) . .  . 

Flaps deflected.  - Spoilers-.   located 'ahead of- t he  double s l o t t e d   f l a p  
(hinge  l ine at. t he  forward pos.ition) o r  $he slot l i p  produced large -" 

rolling-moment~  coeff-icients  for. 8-11 up pro  jektions . ( f i g s .  14 and l.6) . 
"he variation  of  roll ing-moment  coefficient  with  spoiler  projection was 
linear from 0.01E t o  0.0866~ spoiler projec t ion   ( f ig .   lg (b) ) ;  however, 
a ,spoi ler   project ioq.of .0 .01E produced 7 O ' ~ r c e n t  of  t.he  effectiveness. . 

obtained from a spr5iler  projectton of.0.0866~. This effect iveness .  
obtained from such small spoi ler   project ions was much.larger than pre- . 
viously  encountered on straight or  swept wings ( r e f s .  5 and 6). .  he span 
of the  forward spoi le r  was -varied in hopes that a more desirable var ia t ion  
of rglling-mment  coefficient  could be obtained. The spoi ler   project ion 
selected 'was that which  -produced the  maxfmum .ro.lling-moment coef f ic ien t  . 

f o r  the u n f l a p p d  .wing; .however, large  values of rolling-moment C O e f f Y -  
c ien t  w e r e  obtained  for small spo i l e r  spans ( f i g .  15), and the   ro l l ing-  
moment coef f ic ien t   var ia t ion  (at-- a = 00) with  spoi ler  span was a l s o  
undesirable   ( f ig .  20). When the spoi le r  was hinged a t ' the   in te rmedia te .  
pos i t i on   ( f ig .  17). and- a t  the  rearward position (fig.. 18), the   ro l l ing-  
moment c-oefficients w e r e  less than  thoee  for  .spoilers  located at the   for -  
ward posit ion,  however, t he ' va r iq t ion  of roll ing+uoaent  coefficient  with 
spoi ler   project ion w s  nea r ly   l i nea r   ( f i g .  lg(b) ) . Comparison of f ig -  
ures lg (a )  and lg(ti) showed thakfor   the   spoi le r   loca ted   a t - the  inter- 
mediate posi t ion the effect iveness  is about the samsfor   the   f lap-  
re t rac ted  and the  f lap-deflected  condition. 

A l l  double-slotted-flap  configurations  tested.  with  spoilers  projected 
experienced adverse j a w i n g  moments-.  The maxim- yawing moment was. greater 
( f i g s .  14 t o  16) when the   spo i l e r  w a s  hipged a t  the  f o m r d  posi t ion  than 
when the   spo i l e r  .sfas hinged a t  e i t h e r  the i n t e w d i a t e  posit-ion (fig. l7), 
o r   t h e   r e a m r d . p o s i t i o n ,   ( f i g .  18). 

. . . .. 

. .  . .  
. . . -  

. .. . .. - 

. .  . .  . .  



. The Blain w i n g  equipped with  spoilers  hinged at the intermediate 
position  experienced  adverse yawing moments above  approximately 8O angle 
of attack for  a l l  projections,  whereas, with spoi le r  hinged a t  the   for -  

spoi ler   project ion f r o m  loo angle of attack t o  the s t a l l .  
.. ward position, adverse yawing moments w e r e  noted only f o r   t h e  0.0866~ 

CONCLUSIONS 

. .  On the  basis  of  wind-tunnel tests of a spoiler-type  control on a 60' de l t a  w i n g  with and without  double  slotted flaps tlie  following con- 
clusions were reached: 

1. Spoilers  located on the f l a p  gave rolling-moment coeff ic ients  
that var ied   fa i r ly   i inear ly  w i t h  spoi ler   project ion and w e r e  about the 
same magnitude f o r  the flap-retracted  or  the  f lap-deflected  condition. 

2. Spoilers  located just &heed of the def lected  doublz   s lot ted  f lap 
were very  powerful  but had uns.atFsfsctory  variation o f  rollfngaoment 
coeff ic ients  w i t h  either spoiler project ion  or   epoi ler  span. 

Langley  Aeronautical Laboiratory, 
Rational  Advisory Committee for  Aeronautics, 

Langley  Field, Va . 
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TABLZ I . 

PHYSICAL  CHARACTERISTICS OF THE TEST MODEL 

wing : 
Span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.00 
Aspect r a t i o  . . . . . . . . . . . . . . . . .  - . . . . . . . .  2.31 
Thiclmess of  f l a t   p l a t e  ((g) = 0.045), in . . . . . 5/8 

m8X 

Leading-edge sweep. deg . . .  -: . . . . . . . . . . . . . . .  60.00 
Area. sq ft, . . . . . . . . . . . . . . . . . . . . . . . . .  ' 6.93 
Mean aerodynamic chord. ft . . . . . . . . . . . . . . . . . .  2.31 
Leading-edge angle. deg . . . . . . . . . . . . . . . . . . . .  6.8 

Vane : 
Span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.70 
Chord. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  0.13 
Chord. percent w i n g  root chord . . . . . . . . . . . . . . . .  3.6 
Chord. percent  f lap chord . . . . . . . . . . . . . . . . . .  27.4 

Flap : 
Span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.70 

Chord. percent w i n g  root chord . . . . . . . . . . . . . . . .  13.2 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.22 
Chord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.46 
 ma, percent w i n g  area . . . . . . . . . . . . . . . . . . .  17.6 
Trailing-edge angle. deg . . . . . . . . . . . . . . . . . . .  8.0 

w 
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TABLE I1 

ORDINATES OF BRASS -L;EBDIMG EDGE-OF TBE TRAILING-EDGE FLAp 

[Al l  dimeneions in inched 

Station 
Y Y X 

Lower Upper 

0 -0.15 -0.15 
.1 

-.31 .30 .8 
-.30 .25- .6 
- -29 .10 .4 
- .27 .08 .2 ..- . . . 
-.a .01 , .  

1.1 31 -.31 

. ." 
I. " 



ORDINATES OF THE VANE -. 

Stat ion,  x 
in. 

0' 
-025 
075 
.125 - 175 
,225 
275 
325 
.bo 
500 

.600 
700 
.800 
.goo- 
1 .ooo 
1.100 
1.200 
1.300 
1.400 
1.500 

. .  

Y 

Lower  
Y 

0 
- -067 - .lo5 - .125 
- .139 - .145 - .I45 
- .x38 
- .la. 
- -099 - .074 - .055 - .044 
- -039 - .Ob2 -. 050 
- .066 - .a3 - ,105 
- 1.53 

11 

0 
~~ 

.051 

.loo 

.130 
153 - 175 

.1g0 

.205 

.219 

.221 

.215 

.205 

.180 
153 
.u5 
075 
.025 

- . o y  
-.a3 
-0153 
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Pivot poinf --, 

Figure 1.- General arra-eineiit of 60% delta-wing model. . All dimensions -- . . .  . . + .  
.. . - 

are  i n  inches. - .. . ". 
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Figure 2.- System of s t a b i l i t y  &xes. Posi t ive  direct ions 03' forces,  
moments, and angles are Lndicated by arrows. 



Forward position 
4 

2 

Figure 3.- Trailing-edge flaps and spoilers used on 60' delta-wing model 
. .  
' ,and vq+<ous 'spoiler locations. Dimension6 are In inches unlese other- 
: wise noted. 

\ . .  
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- Figure 4.- Aerodyaamic characteristics of 60° del*&-wing model. 
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Figure 15." .Effects of. epofler.  projection on aerodyhamic  characteristics 
of 600 delts-King.model.  Spoiler hinged at farmid posstiop and 
spw extending from O.W4b/2 to 0.66m/2.' 



18 NACA RM L52J2k 
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32 

.- 
0 .2 4 .6 .8 LO /2 /.4 /.6 

L i f t  meffkien f ,CL 

. 

2 

F i g q e  7. -. .Effects Of.. spoiler p.rg3Fctiqn on aeradpamic. chazacteris>icc 
of 600 W a - w i n g  model. with d6ibl.e %lotted flaps (Sf = 5 4 O ) .  Spoilers. 
hinged at forward.po$ition. .and -6pm. extending-fForn .0 .~4~/2  to 0.667bl2.. 

- .  . 

. 

. .. 
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. 

32 

-/6 
0 .2 4 .6 .8 / D  /2 /.4 /.6 

L iff coe f ficien f, CL 

Figure 8.- Effects of spoiler. span..op aerodynamic characteri 
60° delta-wing model w i t h  double slot ted Zlaps (6f = 54O) 
projected at 0.0866~ and hinged at forward posit ion.  

.st .ics of 
Spoilers 
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32 

'IC 
0 

Q 0 PI 
-8 

- /6 
0 .2 4 .6 .8 LO 12 /.4 1.6 

Lift  coefficient, C, 

1.2 

.. . . . 

Figure 9. - Effects of -deflect ing lip .of doubie-slo$ted-.fiap 60' deita 
w i n g  (Sf = 54'). on. aerodyn-aic characteristfcs.  L i p  .loc-ated .at: ,- 

88.6 'percent..roat"chbrb l ine .  .anh"span-~extepding~ from 0.094b/2 
- .  to 0.6671~12. - - .. - . . .  . . . .  . . .  . .  .. . . .. 

. . .. 
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Figure lo,-- Effects  of  spoiler projection on aerodynamic  characteristics - 

of 600 delta-wing. model- with douhle .slotted  flaps (6f = st0). Spoiler 
hinged  at  intermediate position and-span extending from 0.094b/2 
to 0.667b/2. . .  



22 'I NACA RM L52524 

s o  

32 

- 16 
0 .2 4 .6 .8 LO 1.2 14 16 

Li f t   cef f ic ienf ,  C' 

0 

- . " Figure 11.:- Effects of spoi ler   project ion . o n  _aer&ynamic. cha rac t e r i s tGs  
" - 

of 60' deita-wi&%del with double s l o t t e d ]  flaps (6f = 54O). Spoilers  ".. . . * - * 

hinged at rearward positfon and Span extending from 0.094b/2 to 0.66D/2. 
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Figure 12.- Variation of ro l l ing-  and yawing-nroment coefficients w i t h  
angle of a t tack  f o r  several   spoi ler  projections .on 60° delta wing. 
Spoi ler  hinged at. intermediate  posit ion and span extending f r o m  
O.@+b/2 to 0.667b/2. 
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Angle of uthck, a, deg 
Figure:lk.- E f f e c t s  of spoiler  projection on aero-c characteristics 

of 60° .delta-wing mod'ei with double s l o t t e d  flaps (6f = 54O). Spoilers 
hinged a t  forward position and span .&tendin@; f r o m  0.094b/2 to 0.6676/2. 
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Figure 13.- Effects .of spo i l e r  span on aerodynamic character is t ics  of . . .  :: .- 

60° delta-wing e e l  w i t h  double s lo t t ed  flaps (6f .= 540). Spoiiers 
pro Jected & t .  0. @ 6 G .  "d 

I 

h2ipqed. at forwasd position. 
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... . . . - - . . . . .  . .  . .. . . "  
. .  

. . . . .. , .- 

I 



,/2 -8 -4 0 4 8 /2 /6 20 24 28 32 
Angle of aftuck~ Q, deg 

Figure 16,- Effects of deflecting l i p  of double-slotted flap 60° delta 
wing (6f = 54’) on aerodynamic  characteristics. Lip located at 
88.6-percent-root-chord line and span ’ extending from- 0.094b/2 
to 0.667b/2. 



20 NACA RM L52524 

-. I I 

. .. .. 

- .- 

Figure lT.-..Effects of; spo&ler.projection aerodynamic  characteristics- 
af 600 deltaiGing model with dbuble- slotted f'ltips -(6f = 34'). Spdil&s 
hinged. at inte.r?@3i_te. posi t ion and spoiler  span  extending from O.O94b/2 . - 

. .  

to 0.667b/2. 
. - "  
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F i g u r e  18.- .Effects of spoiler  projection on aerodyximic character is t ics  
of 60°.delta-wing model with  double  slotted  flaps (€+ = 54O). Spoilers 
hinged at rearward position and span extending Prom 0.094b/2 t o  0.6676/2. 
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(b) Double-slotted-flap configuration w i t h  spoiler6 hiwed at forward, 
intermediate, and rearward  poeitions, and w i t h  lip deflected. 
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(a) 60' delta  wing  with  spoilers  hinged  at  forward  and ... : . ~ " . .7" . 
intermediate  positions. . .. 

Figure 19,- Variation of rolling-mment coefficient with spoiler  projection r .  
at a = 0'-. Spoilers span extending from O.Og4b/2 to 0 . 6 6 ~ / 2 .  ' 
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